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Disclosed is a biaxially stretched, heat-set film having improved resistance to thermal shrinkage and process for producing such film, 
the film comprising a polyester having repeat units from at least 90 mol % terephthalic acid and at least 90 mol.% 1.4-cyclohcxanedimethanol 
wherein the dimensions following biaxial stretching are between 2.0 and 2.5 times the dimensions prior to stretching. 
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B I AX I ALLY ORIENTED, HEAT-SET POLYESTER FILM HAVING 
IMPROVED THERMAL SHRINKAGE RESISTANCE 

Technical Field 
5 This invention relates to biaxially stretched, 

heat-set polyester film of poly ( 1 , 4-cyclohexylene- 
dimethylene terephthalate) (PCT) with improved thermal 
shrinkage resistance and a process for producing the 
film. The process conditions described herein produce a 
10 film with significantly improved high temperature 
dimensional stability. 

Background of the Invention 

It is known in the art that polyester films 

15 sometimes desirably have shrink capability. For 

example, it is known in the art that polyester film may 
be used as a shrink-wrap material. In such an 
application, the film is applied to an object and heated 
so that the film shrinks around the object. In the 

20 present invention, however, an object is to prepare a 
film having shrink resistance. Shrink resistant films 
are often used, for example, in various applications 
such as flexible electronic circuits, heat resistant 
packaging, cooking bags, and any applications requiring 

25 dimensional stability at elevated temperatures. 

In accordance with the present invention, the 
stretch ratio is limited to 2.5X as the maximum for good 
shrinkage resistance at high temperatures. This film is 
useful for applications requiring a high end use 

30 temperature, fit is particularly advantageous in '. y 

applications requiring a : cl ear , thermally stable film. 
Typical end use temperatures for biaxially oriented, 
heat-set poly (ethylene terephthalate) (PET) films are 
160 to 180°C. The PCT films of this invention can be 

35 used at temperatures as high as 250 to 260°C. 
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An additional desirable property of these films is 
clarity. If the film is not stretched adequately, haze 
will be introduced during heat-setting. The lower limit 
for stretching to producg^ haze-f ree films i s about 2X inj ^ 
5 a simultaneous biaxial stretch. There is a process 
window for stretch ratio that will produce clear, 
thermally stable PCT film. This window is about 2 to 
2.5X stretch for simultaneous biaxial orientation. A 
sequential stretching mode may change the stretching 
10 window. 

Because the crystalline melting point and glass 
transition of PCT are higher than PET, PCT films would 
be expected to be more thermally stable than PET films. 
This is not necessarily the case. Subjecting PCT to a 
15 film forming process similar to PET where the film is 

stretched nearly to its breaking point and subsequently 
heat-set, produces films with poor thermal stability. 
PCT behaves differently than PET in that once the film 
is stretched beyond 2.5X, no amount of heat-setting 
20 (time or temperature) can anneal the internal stresses 

generated during the stretching process. With PET, film 
which is stretched almost to its maximum before breaking 
can be heat— set to make it thermally stable up to about 
200°C. In contrast, PCT cannot be*.made thermally stable 
25 once it is overstretched. The critical process step in 
this invention addresses this problem. 

Oriented PCT films are known to exhibit shrinkage 
upon heating. Thermal shrinkage limits the end use 
temperature of the film. For high temperature 
30 applications it is desirable to maximize the thermal 
stability. Heat-setting oriented film increases the 
temperature at which shrinkage occurs, but if the film 
is stretched too far, heat-setting does not give 
thermally stable films. In accordance with this 
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invention, limiting stretch ratios to 2.5X or less, 
clear, thermally stable films are produced. 

Biaxially oriented, heat-set PCT film has been 
previously disclosed, but using low stretch ratios for 
5 improving thermal shrinkage has not been disclosed. 

Japanese Kokai No. JP1299019 (1980) discloses biaxially 
stretched, heat-set PCT films with improved dimensional 
stability, but they did not disclose any examples with 
stretch ratios less than 3 . IX (MD) by 2.8X (TD) . 
10 U.S. Patent No. 3,284,223 (1966) discloses 

biaxially oriented, heat-set films of an isophthalic 
acid modified PCT based copolyester. Although they 
claimed films from PCT homopolymer, they did not 
disclose any PCT homopolymer films. Furthermore, their 
15 process differed from this invention in that they used a 
highly asymmetric stretch of 4-5X (MD) by 1-1. 25X (TD) . 

Abee and Bell (US Defensive Publication T876,001, 
July 28, 1970) disclosed a biaxially oriented, heat-set 
PCT film but no process conditions with less than 3X 
20 stretch ratios were disclosed. Likewise, U.S. Patent 
No. 4,557,982 disclosed films with no stretch ratios 
less than 3.3X. 

In summary, the prior art regarding oriented, 
heat-set PCT film does not disclose the process 
25 conditions of this invention or the shrinkage resistant 
films of this invention. 

U.S. Patent No. 2,901,466 discloses in Example 55, 
films of polyesters from cyclohexanedimethanol , 
terephthalic acid and isophthalic acid which are 
3 0 stretched in mutually perpendicular direction and heat 
set. The amount of stretching is not disclosed. 

U.S. Patent No. 4,994,312 at column 14 discloses 
stretching film generally in amounts of 1.5-10X, usually 
3-4X for polyesters and 6-10 for polypropylene. 
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Description of the Invention 

According to this invention, there is provided a 
biaxially stretched, heat-set film having improved 
resistance to thermal shrinkage comprising a polyester 
5 having repeat units from at least 90 mol % terephthalic 
acid and at least 90 mol % 1, 4-cyclohexanedimethanol 
(CHDM) wherein the dimensions following biaxial 
stretching are between 2.0 and 2.5 times (2.0 and 2.5X) 
the dimensions prior to stretching. 

10 Also, according to this invention, there is 

provided a method of rendering a polyester film 
resistant to thermal shrinkage wherein the polyester has 
repeat units from at least 90 mol % terephthalic acid 
and at least 90 mol % 1, 4-cyclohexanedimethanol, the 

15 method comprising biaxially stretching the film to 
dimensions of 2.0—2.5 times its dimensions prior to 
stretching, followed by subjecting t*xg film to a 
temperature of 200 to 280°C, preferably 250 to 280 °C, 
for a time of between 1 and 300 seconds to heat set the 

20 film. 

The dicarboxylic acid portion of the polyesters and 
copolyesters from which the repeat units are derived and 
which are useful in this invention consists essentially 
of terephthalic acid. The acid portion may be modified 

25 with up to about 10 mol % of other acids which may 

contain 3 to 2 0 carbon atoms and may consist of units of 
aromatic, aliphatic, or alicyclic dicarboxylic acids or 
combinations of these dicarboxylic acids. Examples of 
useful aliphatic dicarboxylic acids are malonic, 

30 succinic, glutaric, adipic, pimelic, suberic, azelaic, 
sebacic, dodecanedioic, 1,4-, 1,5-, and 2 , 6-decahydro- 
naphthalenedicarboxylic acid, and cis- or 
trans-1, 4-cyclohexanedicarboxylic acid. Examples of 
useful aromatic dicarboxylic acids are terephthalic 

35 acid, isophthalic acid, 4 , 4 '-biphenyldicarboxylic, trans 
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3,3'- and trans-4 , 4-stilbenedicarboxylic acid, 

4 , 4 '-dibenzyldicarboxylic acid, 1,4-, 1,5-, 2,3-, 2,6-, 

and 2 , 7-naphthalenedicarboxylic acid. 

The cyclohexanedimethanol portion of the 
5 copolyester useful in this invention may be replaced 
with up to about 10 inol % of other aliphatic glycols, 
containing from about 2 to about 10 carbon atoms such as 

1.3— propanediol, neopentyl glycol, 1 , 4-butanediol , 
1 , 5— pentanediol or 1 , 6— hexanediol . 

10 In a preferred embodiment, the cyclohexane 

dimethanol component is a cis— /trans-mixture of 

1 . 4— cyclohexanedimethanol . 

The polyesters and copolyesters of the present 
invention are prepared by conventional polycondensation 
15 processes well known in the art, such as the process 
described in U.S. Patent 2,901,466 dated August 25, 
1959. These include direct condensation of the acid(s) 
with the glycol (s) or by ester interchange using lower 
alkyl esters. 

20 The inherent viscosity of the polyesters or 

copolyesters, components (a)-(d) , useful in the blends 
of the present invention may range from 0.5 to 1.3 dL/g, 
a preferred range being 0.6 to 0.8 dL/g, and a more 
preferred range being 0.65 to 0.75 dL/g as measured at 

25 25°C in a solvent mixture consisting of 60% by weight 
phenol and 4 0% by weight tetrachloroethane . 

The reaction is generally begun in the presence of 
an excess of the glycol and initially involves heating 
to a temperature sufficient to cause a preliminary 

30 condensation followed by the evaporation of excess 

glycol. The entire reaction is conducted with agitation 
under an inert atmosphere. The temperature can then be 
advantageously increased with or without the immediate 
application of a vacuum. 
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The 1 , 4-cyclohexanedimethanol employed can be used 
in the form of either of its isomers or a mixture 
thereof. The 1 , 4— cyclohexanedimethanol or any of the 
other glycols can be employed as esters thereof (such as 
5 esters of a lower alkanoic acid) . However, it is 
generally advantageous to employ the free glycol. 

The condensation reaction can be advantageously 
facilitated by the employment of a catalyst. The best 
catalyst for each reaction is determined by the nature 
10 of the reactants. Generally, when an alkyl ester of the 
acidic compound is being employed, an ester interchange 
type of catalyst is to be preferred. Various techniques 
as to the use of the catalyst are well known in the art. 
For example, if the free acid is being reacted with the 
15 free glycol, a catalyst is generally not added until 
after the preliminary condensation is under way. 

It is sometimes desirable to include any various 
additives with the polyester mentioned above. There 
are, for example, titanium dioxide, granulated silica, 
2 0 kaolin, calcium carbonate, and other lubricants; 
antistatic agents; ultraviolet— light absorbants; 
pigments; dyes; plasticizers; stabilizers; etc. 

The above compositions are formed into a film by 
any well-known method (such as extrusion, the calendar 

2 5 method, etc.) The shape of the film is not restricted 

in any way; for example, it can be a flat sheet or a 
tube. 

The stretching method can be by any usual method. 
As this method, for example, there are the roll 

3 0 stretching method, the long-gap stretching method, the 

tenter-stretching method, and the tubular stretching 
method. With use of any of these methods, it is 
possible to do biaxial stretching in succession, 
simultaneous biaxial stretching, uniaxial stretching, or 
35 a combination of these. With the biaxial stretching 
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mentioned above, it is possible to do stretching in the 
machine direction and transverse direction at the same 
time; or the stretching can be done first in one 
direction and then in the other direction to result in 
5 effective biaxial stretching; stretching can be done 
first in either direction. 

Preferably, in the stretching mentioned above, the 
following step is then taken- First, for example, the 
film mentioned above is preliminarily heated at a 
10 temperature in the range of a mean glass transition 

temperature (T g ) of the polymer composition constituting 
the film to T g + 5*C to T g + 80°, preferably T g + 10*C 
to T g + 20°C. 

It is preferred that the stretch rate is 
15 5-20 in. /sec. Stretc h ratio is defined as the dr ay 

ratio in the x-axis dire ction x the draw ratio inj the 
y-axis direction. The draw ratio is the final length of 
the film divided by the original length of the film. 
During the stretching process, the film is not stretched 
20 beyond 2.5X in either direction. This process 

restriction results in film that when subsequently 
heat-set is shrinkage resistant up to 2 60°C, depending 
on heat-setting conditions. Thus, this invention 
comprises a similar process to that practiced in the art 

2 5 with the provision that the stretch ratio is limited to 

a maximum of 2.5X in either direction. 

The process used to make the PCT films of this 
invention comprises 1) extruding the polymer into 
essentially amorphous sheet, 2) stretching the film at a 

3 0 temperature above the po lymer glass transition, and 
3) heat-setting or annealing the film at a temperature 
above the desired end use temperature but below the 

crys talline mel t ing point. 

The polymer is extruded into amorphous sheet using 
3 5 methods generally known in the art. The melt 
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10 


15 


20 


25 


30 


temperature is 300 to 340°C f preferably 305 to 315°C. 
The roll temperature is 75 to 125°C, preferably 80 to 
100°C. The extruded sheet thickness can be in the range 
of 3 to 60 mil with the actual thickness dependent on 
the desired end use. 

After extrusion, the essentially amorphous sheet is 
biaxially stretched. The film may be either 
simultaneously or sequentially stretched in both machine 
(MD) and transverse (TD) directions. In a simultaneous 
stretch, the preferred stretch ratio is 2.5X in both 
directions. In a sequential stretch, either MD or TD 
may be stretched first with the preferred ratio being 2 
to 2.5X for the first stretch and 1.5 to 2.5X for the 
second stretch. During the stretching process, the film 
is maintained at a temperature of 105 to 150°C, 
preferably 110 to 140°C. 

After stretching, the film is annealed or heat-set 
by heating it to a temperature o^l80 to 285^C7 ~~^> 


preferably-24 0 to 280 °C for up to 120 seconds, 
preferably- -2 to 30 seconds. During the heat-setting 
process, the film dimensions can be held constant or 
allowed to shrink up to 5 percent. 

The following examples are submitted for a better 
understanding of the invention. 

Examples 

In the examples, polyester used has repeat units 
from 100 mol % terephthalic acid and 100 mol % CHDM. 
The PCT resin had a crystalline melting point of 293 °C, 
a glass transition of 92 °C, and an inherent viscosity of 
0.80 dl/g. Using a 1 in. Killion extruder with a mixing 
screw, the polymer is extruded into amorphous sheet with 
15 mil thickness. The extrusion die temperature is 
3 00°C and the extrusion roll temperature is 80 °C. This 
amorphous sheet is subjected to various stretching and 
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heat— setting conditions as described in the following 
examples. The stretching step is carried out on a T. M. 
Long machine. Stretching is simultaneous in both 
machine and transverse directions at a rate of 
5 13 in. /sec. Stretched films are clamped in a frame and 
placed in a forced-air oven for heat-setting ♦ 

Thermal shrinkage resistance is measured as tensile 
heat deflection temperature (HDT) according to ASTM 
D1637. The test measures the temperature at which 2% 

10 deflection occurs under 50 psi stress and does not 

specify elongation or shrinkage. Except as noted, all 
deflections reported in these examples as HDT were 
shrinkage. All HDT measurements are reported as the 
average of machine direction and transverse direction. 

15 Clarity is measured either as transparency according to 
ASTM D1746 or as haze according to ASTM D1003. 

1. PCT film is stretched 2X by 2X at 130°C using a 
preheat time of 45 sec. After heat-setting at 

20 250°C for 2 min, the biaxially oriented, heat-set 

PCT film has an HDT of 234 °C. 

2. PCT film is stretched 2 . 5X by 2.5X at 130 °C using a 
preheat time of 4 5 sec. After heat-setting at 

25 280°C for 2 min, the biaxially oriented, heat-set 

PCT film has an HDT of 265°C. 

3. PCT film is stretched 2.5X by 2.5X at 130 °C using a 
preheat time of 4 5 sec. After heat-setting at 

30 250°C for 2 min, the biaxially oriented, heat— set 

PCT film has an HDT of 235°C and 1.3% haze. 


Printed from Mimosa 01/06/25 09:25:46 Page: 11 


WO 96/06125 


PCI7US95/10206 


- 10 - 

Comparative Examples 

5. Poly (ethylene terephthalate) (PET) film is 

stretched 3X by 3X at 100 °C using a preheat time of 
5 45 sec. After heat— setting at 240°C for 2 min, the 

biaxially oriented, heat-set PET film has an HDT of 
217°C and 0.7% haze. 


6. PCT film is stretched 3X by 3X at 110°C using a 
10 preheat time of 45 sec. After heat-setting in two 

stages at 150°C for 2 min, followed by 200°C for 
2 min the biaxially oriented, heat— set PCT film has 
an HDT of 140 °C and 88% transparency. 

15 7. PCT film is stretched 3X by 3X at 110°C using a 

preheat time of 4 5 sec. After heat— setting in two 
stages at 150°C for 2 min, followed by 250°C for 
2 min the biaxially oriented, heat-set PCT film has 
an HDT of 168 °C and 87% transparency. 

20 

8. PCT film is stretched 3X by 3X at 130°C using a 
preheat time of 45 sec. After heat— setting at 
250°C for 2 min, the biaxially oriented, heat— set 
PCT film has an HDT of 175°C*and 85% transparency. 

25 

9. PET film is stretched 2X by 2X at 100°C using a 
preheat time of 4 5 sec. After heat— setting at 
220°C for 2 min, the biaxially oriented, heat— set 
PET film has a HDT of 195°C. 
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Table 1 

Summary of Examples and Comparative Examples 

5 Stretch Stretch Heat-set HDT 

Ratio Temp f°Cl Temp CO (°C) 

Examples: 

10 1 2 130 250 234 

2 2.5 130 280 265 

3 2.5 130 250 235 

15 

Comparative Examples: 

5 (PET) 3 100 240 217 

20 

6 3 110 200 140 

7 3 110 250 168 
25 8 3 130 250 175 

9 (PET) 2 100 220 195 

The designation "X" as used herein, such as 2X and 
2.5X, means the film is stretched that many times its 
dimensions prior to stretching. For example, 2X means 
that the film is stretched to a final elongation of 
5 100%. The film dimension in the stretching direction 
doubles in a 2X stretch. 

The data in Table 1 clearly indicate that the 
process of this invention produces films with superior 
heat resistance. Comparing Examples 1 and 3 with 
10 Example 8 shows that films produced with a stretch ratio 
of 2.5X or less have unexpectedly high HDT compared with 
film stretched 3X. These data also show the superior 
properties of the PCT films of this invention as 
compared to PET films which are well known in the art. 
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I.V. herein is measured at 25 °C using 0.50 g of 
polymer per 100 mL of a solvent consisting of 60 wt % 
phenol and 40 wt % tetrachloroethane. 

This invention has been described in detail with 
particular reference to preferred embodiments thereof, 
but it will be understood that variations and 
modifications can be effected within the spirit and 
scope of the invention. 
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CLAIMS 

I claim: 

5 1. A biaxially stretched, heat-set film having 

improved resistance to thermal shrinkage comprising 
a polyester having repeat units from at least 
90 mol % terephthalic acid and at least 90 mol % 
1,4-cyclohexanedimethanol characterized by the 
10 dimensions following biaxial stretching being 

between 2.0 and 2.5 times the dimensions prior to 
stretching. 

2. A film according to Claim 1 wherein the I.V. of the 
15 polyester is 0.5 to 1.3 dL/g. 

3. A film according to Claim 1 wherein the 
cyclohexanedimethanol is a mixture of cis- and 
trans- 1 , 4-cyclohexanedimethanol . 

20 

4. The method of rendering a polyester film resistant 
to thermal shrinkage wherein said polyester has 
repeat units from at least 90 mol % terephthalic 
acid and at least 90 mol % 1 , 4-cyelohexane- 

25 dimethanol, said method characterized by biaxially 

stretching said film to dimensions of 2.0-2.5 times 
its dimensions prior to stretching, followed by 
subjecting said film to a temperature of about 200 
to about 280°C for a time of between 1 and 300 

30 seconds to heat set said film. 
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